XY model, with / J ) / k = 0.42 K.
Heterocyclic ligands, bridging metal ions i n polymeric t r a n s i t i o n metal complexes, have been shown/l/ t o be e f f e c t i v e as exchange i n t e r a c t i o n paths (through the associated X-orbitals). For instance, i n Cu(N0,). pyrazine the cu2+ ions a r e coupled v i a the pyrazines, and the compound behaves magnetically a s an antiferromagnetic Heisenberg linear chain (J/k = -3.7 K)/2/. Furthermore, compounds of general formula M~+(Ncs), ( t r i a z o l e ) , (with M = 3 d metal ion) a r e found t o have magnetic ordering temperatures t h a t a r e a l s o i n t h e l i q u i d '~e range/3,4/. Here we present s p e c i f i c heat data on CoC12.2 pyrazine which compound has the tetrago-0 nal u n i t c e l l (space group I 4 / m ) / 5 / (ao = 7.12 A 0 and c = 10.63 A) shown i n f i g u r e I a. I n t h i s s t r u c t u r e each CO,+ ion is connected t o four nearest magnetic neighbours within the (001) layers by pyrazine r i n g s (exchange J ) ; t o e i g h t neighbours i n 1 adjacent l a y e r s v i a CO-Cl-Cl-CO paths involving bond angles of 95.7O (exchange J 2 ) and t o two additional neighbours along the c-axis v i a nearly c o l l i n e a r CO-Cl-Cl-CO paths (exchange J 3 ) . A schematic view of the t h r e e magnetic i n t e r a c t i o n s is given i n f igure 1 b, whereas the bond angles and bond distances f o r t h e corresponding superexchange paths a r e summarized i n f i g u r e s I c-e. I t i s c l e a r t h a t , depending on the r a t i o ' s of the t h r e e i n t e r a c t i o n s J 1 ' JZ,J3, the e f f e c t i v e number of equivalent magnetic neighbours may range from z
The s p e c i f i c heat was measured using an adiab a t i c demagnetization apparatus described elsewhere/6/. Data taken i n the range 0.2 K < T < 2 K on a powdered sample a r e shown i n f i g u r e 2. A magnetic ordering anomaly i s observed a t Tc = 0.855 + 0.015K. Fig. 1 : a ) Structure of CoC12.2paz. Only pyrazine rings i n &he b a s a l plane a r e shovn. Distances a r e given an A . b) S p a t i a l arrangement of the exchange i n t e r a c t i o n s . c ) ,d) ,e) superexchange paths associated with J J and J3, respectively.
' 2 There a r e no i n d i c a t i o n f o r l a t t i c e -phonon contributions i n t h e investigated range, t h e l i m i t i n g
high-temperature behaviour of the s p e c i f i c heat being well-described by the expected T-' dependence ( s e e below). The upturn observed a t the lowest temperatures (T < 0.35 K) probably a r i s e s from a cont r i b u t i o n due t o t h e hyperfine i n t e r a c t i o n s between the cobalt e l e c t r o n i c and nuclear s p i n s . I f we subt r a c t a T-, term representing t h i s hyperfine specif i c heat, t h e remaining magnetic s p e c i f i c heat i s well described by the s o l i d curves a and b drawn i n f i g u r e 2. These a r e t h e o r e t i c a l predictions f o r t h e 1 simple cubic (s.c.), s p i n S = 7,XY model a t tempera- Next we have to comment on the applicability of the simple cubic magnetic lattice to the present compound. Apparently, the interactions J ,J ,J are 1 2 3 such as to yield Z = 6, if one compares the exeff perimental specific heat with a theoretical prediction assuming equivalent coupling between a certain number of magnetic neighbors. At any rate, the corresponding predictions for the XY model on other lattice (e.g. b.c.c. or f.c.c.) are too much different to yield a comparable fit with the experiment. Apparently, the interactions J2 and J3 are somewhat weaker than J, or, alternatively, J2 and J could 3 be of different sigh so as to partially cancel one another. The result is that, if equivalently coupled neighbors are assumed, one obtains a value for zeff in between four (if 1 J1 ) * l J21, 1 J3)) and fourteen (if 1~~1 =1J21 =IJ I ) . The fact that we find 3 zeff to be so closely equal to six would then be a coincidence. However, we cannot exclude the possibility that the magnetic structure would be more pronouncedly 2-dimensional ( I J 1 " 1 J2 1 ,l J3 1 ) and 1 that a spin-anisotropy in the easy (XY-plane would be responsible in part for the observed anomaly. The situation would then be similar to that in CoC12.6H20/8/.
More experiments are needed to cldrify these questions.
